Background: Having diabetes may increase the odds of late-stage breast cancer. In Kentucky, the rates of late-stage disease are higher in rural than in urban areas, particularly in rural Appalachia. The objectives of the study were to examine the relationship between diabetes and cancer screening and to determine whether Appalachia residence modifies this association.
It is critical to understand the impact of illness on cancer screening because patients with undiagnosed cancer often have underlying chronic conditions that may influence screening decisions. In two earlier studies, Fleming and colleagues 1, 2 showed that some chronic conditions increase the risk of late-versus early-stage breast or prostate cancer, whereas others decrease that risk. Having diabetes, for example, increased the odds of late-stage breast cancer by approximately 20%. 2 Fleming et al 1, 2 speculate a number of possible causes behind the equivocal relationship between chronic conditions and preventive care, including increased physician contact, competing demands on physician time, and a biomedical interaction among the different pathologies. Some of these pathways may be direct, such as when pharmacologic treatment of a chronic condition directly affects the risk of cancer, 3 whereas others may be indirect, such as when a chronic condition leads to increased face time with a physician, more regular cancer screening, and a reduced risk of late-stage disease. Fleming et al's 1, 2 two studies, however, demonstrated that relationships between chronic conditions and stage of cancer remain even after controlling for the frequency of medical visits and cancer screening, which suggests that these factors alone cannot adequately explain the increased or decreased risk of a latestage cancer diagnosis.
There is ample evidence that chronic conditions may influence patients' choice of screening. 4, 5 In addition, some studies have found that the accuracy of the screening tests themselves may be affected by the presence of chronic illness. Fenton et al, 6 for example, reported that the odds of a true positive screening (sensitivity of the test) is lower among those with increasing comorbidity burden, so, even if patients with multiple conditions receive screening, a cancer may not be detected. Therefore, the impact of chronic illness on screening may relate to physician practices, patient preferences, or test sensitivity.
The effect of diabetes on cancer screening may also depend on patient residence to the extent that barriers to accessible screening sites disproportionately affect rural residents, particularly those who live within the Appalachian region of the United States. According to Halverson and colleagues, 7 the Appalachian region of the United States experiences an excess in premature mortality, ie, deaths before the age of 65, for both breast and colorectal cancer. According to the Kentucky Breast Cancer Task Force, the incidence of late-stage breast cancer was significantly higher among Kentucky women than in the Surveillance, Epidemiology, and End Results (SEER) population (http://seer. cancer.gov)-Surveillance, Epidemiology, and End Results is a collection of US population-based cancer registries covering approximately 25% of the US population. Late stage breast cancer was higher in rural than in urban Kentucky and was highest of all in rural Appalachian Kentucky. 8 Presumably, lower screening rates among rural and Appalachian residents result in proportionately less early-stage disease diagnoses and higher mortality rates, an assumption supported by Behavioral Risk factor Surveillance System (BRFSS) data demonstrating Appalachian screening rates for breast and cervical cancer approximately 3% below national levels. 9 Considering the high rates of both diabetes and cancer in Kentucky as a whole and the Appalachian population in particular, we hypothesized that the pattern found by Fleming et al 1, 2 would also be applicable to people with and without diabetes in Kentucky. The purpose of this analysis was to examine the relationship between diabetes and cancer screening through a 2008 survey of 1030 Kentucky residents and to determine if residence in the Appalachian region of Kentucky is an effect modifier of this relationship.
Methods

Procedures and Participants
After obtaining institutional review board approval from the University of Kentucky, the University of Kentucky Survey Research Center conducted the survey during the time period of May 15 through June 30, 2008 . Trained, experienced, and continuously monitored Survey Research Center interviewers conducted the interviews with households that were selected using a modified list-assisted, Waksberg-Mitofsky, random-digit dialing procedure for landline telephones. Up to 15 attempts were made for each telephone number in the sample, with up to 10 scheduled call backs if timing was "inconvenient." Eligible participants were adults, aged 18 years and older, who could complete the interview in English. The interviewer asked to speak with the adult in the household aged 18 or older who had most recently had a birthday.
The survey resulted in 1030 completed interviews, with an additional 201 subjects ruled ineligible. Subjects were ineligible if they were younger than 18 years of age or were from a household with no adults, could not speak English, were hearing impaired, or were not available for the entire period that the survey was in the field. Altogether, 2338 persons who were contacted refused to participate. With a total of 3559 calls and 1231 completed interviews or contacts ruled ineligible, we calculate a response rate of 34.6% according to the Council of American Survey Research Organization (http:// www.casro.org).
Survey Items
The entire survey consisted of five sets of questions: a first set of demographic questions such as age, sex, education, and race; a second and third set consisting of questions relating to asthma and diabetes, respectively; a fourth set of questions related to cervical, colorectal, and breast cancer screening; and a final set of questions that developed the concept of a "regular source of care" or "medical home." Survey items determined whether and when respondents had received each of the following cancer screening tests: fecal occult blood test (FOBT), colonoscopy or sigmoidoscopy, mammogram, clinical breast examination (CBE), and Papanicolaou test. Sigmoidoscopy and colonoscopy were combined into one item because of the possibility that respondents could not easily distin-guish them. In addition, women were asked whether they get mammograms regularly every 1 to 2 years. The survey items were drawn from the National Health Interview Survey 10 and the Medical Expenditures Panel Survey, 11 with the exception of time since CBE, which was based on similar items in the National Health Interview Survey and Medical Expenditures Panel Survey, and whether women regularly receive mammograms, which was a new item. It was intended to assess women's perception of a pattern of mammography screening over time that is not captured by the item about the most recent mammogram.
To capture screening at younger ages for future analyses, respondents were asked the cancer screening items if they were up to 10 years younger than the age recommended to begin screening as issued by the United States Preventive Services Task Force (USPSTF), [12] [13] [14] [15] the American Cancer Society, 16 -19 or the American College of Obstetricians and Gynecologists (ACOG) 20 as of Spring 2008. The present analyses only included ages actually recommended for screening, not the younger ages. To gauge recency of screening, respondents could indicate "within the past year," "within the past 2 years," "within the past 5 years," or "5 or more years ago" for Papanicolaou, mammogram, CBE, and FOBT; and "within the past 10 years" or "10 or more years ago" for sigmoidoscopy/colonoscopy.
Analyses
Criteria for Inclusion in the Analyses and Currency of Cancer Screening
Inclusion was based only on age and sex. The criteria for inclusion allow women and men to be 2 years older than the recommended beginning age for receiving screening (eg, 23 years old instead of 21 years old). Any testing met the criteria for screening, regardless of whether it was initiated for screening or for diagnosis. The criteria did not consider the results of previous tests.
Our criteria for whether respondents were eligible to receive screening and were current in their screening were based on the guidelines in place in Spring 2008. This was before the USPSTF updated its recommendations about breast cancer screening in late 2009 21, 22 and others about cervical cancer screening in 2009 and 2010. 23, 24 Specific cancer screening guidelines referenced are listed in the Appendix (available from the author upon request). [12] [13] [14] [15] [16] [17] [18] [19] [20] 25 Women 23 years of age and older were included in the cervical cancer screening analyses. They were considered current if they had received a Papanicolaou test during the past 2 years. For currency of screening, this criterion gives women an extra year in which to receive their Papanicolaou test compared with the 2008 recommendation from ACOG for annual screening. 25 We also analyzed the data using a period of 3 years to reflect newer guidelines and to allow for comparison to the BRFSS data. 9 Women 42 years of age and older were included in the breast cancer screening analyses. They were considered current for any of the breast cancer screening tests if they had received the test during the past 2 years; this is the less conservative interval in the USPSTF and ACOG guidelines beginning with this age period. 13, 20 Men and women 52 years of age and older were eligible for inclusion in the colorectal cancer screening analyses. For FOBT screening, patients were considered current if they were screened within 2 years, allowing an extra year compared with the USPSTF and American Cancer Society guidelines. 14, 15, 19 For colonoscopy/sigmoidoscopy, women and men were considered current if they were screened within 10 years, the interval recommended for colonoscopy. 14, 15, 19 Colonoscopy and sigmoidoscopy were combined because some patients may not be able to distinguish between them. They were not given an extra year to have received a colonoscopy or sigmoidoscopy because respondents are unlikely to distinguish 10 years from 11 years when recalling their screening compared with recalling the more recent tests within the past 2 years.
Diabetes
The survey attempted to distinguish between those who have diabetes, those with some type of prediabetic condition, and those without diabetes. Women were classified as diabetic based on answering "yes" to the question, Other than during pregnancy, have you ever been told by a doctor or health professional that you have diabetes or sugar diabetes? Men were classified as diabetic based on answering "yes" to the similar question, Have you ever been told by a doctor or health professional that you have diabetes or sugar diabetes? Both men and women were classified as "prediabetic" if they answered "yes" to the question, Have you ever been told by a doctor or other health professional that you have any of the following: prediabetes, impaired fasting glucose, impaired glucose tolerance, borderline diabetes, or high blood sugar?
Appalachian Residents
Appalachian residence within Kentucky was defined by county according to the Appalachian Regional Commission definitions. 26 Fifty-four of Kentucky's 120 counties are in Appalachia.
Statistical Analyses and Tests
In addition to descriptive statistical analyses, we calculated unadjusted bivariate associations between each type of cancer screening and diabetes status; between each type of cancer screening and Appalachian versus non-Appalachian residence; and between each type of cancer and diabetes status stratified by Appalachian versus non-Appalachian residence. Note that diabetes status in this analysis excluded those diagnosed with prediabetes; however, a sensitivity analysis including prediabetic patients was performed. We also estimated multivariate logistic models for each screening test, controlled for age (in years), race (white/other), and education (less than high school, high school graduate or GED, some college). We tested for statistically significant differences in the odds ratios of stratified analyses using the Breslow-May test. All analyses used SAS software (Windows version 9.2, SAS, Inc., Cary, NC).
Results
Descriptive statistics for the 1030-person sample of Kentucky residents are reported in Table 1 . The (Table 2) we made six different comparisons between respondents with and without diabetes for the prevalence of screening examinations for three different cancer sites. Respondents with prediabetes were excluded from these analyses. Sensitivity analysis including prediabetes patients did not change any of the conclusions in terms of statistically significant results. Significantly fewer women with diabetes had had a mammogram during the past 2 years compared with those without diabetes (66.0% vs 76.8%; P ϭ .03), and proportionately fewer participants reported regular mammography screening (68.5% vs 81.6%; P ϭ .006). Having diabetes was not related to any type of colorectal cancer screening, nor did it seem to be related to CBE. Because colorectal cancer was the only site analyzed that has screening recommendations for both women and men, it was also analyzed separately for each sex to disentangle possible gender effects. No relationship between diabetes and colorectal cancer screening was found for either men or women. The lower proportion of women with diabetes who reported cervical cancer screening within 2 years was only marginally significant (66.7% vs 78.1%; P Ͻ .06). When the data were analyzed for Papanicolaou testing within 3 years, however, the difference between diabetics and nondiabetics was clearly significant (70.2% vs 78.1%; P Ͻ .0007).
The bivariate analyses shown in Table 3 compare the prevalence of screening examinations for three different cancer sites among both men and women inside and outside the Appalachian region of Kentucky. Again, we excluded respondents with prediabetes from these analyses. Significantly fewer participants living in the Appalachian region of Kentucky indicated that they received "regular" mammography screening (72.8% vs 81.7%; P ϭ .04). Proportionately more men and women in this region were concordant with guidelines for colorectal screening with an FOBT test within 2 years (25.2% vs 19.8%; P ϭ .01) but proportionately less for colonoscopy/ sigmoidoscopy within the last 10 years (49.3% vs 67.0%; P ϭ .0007). Other associations between screening rates among Appalachian and non-Appalachian residents were not statistically significant.
The bivariate analyses shown in Table 4 also compared the prevalence of screening examinations for three different cancer sites among both men and women with and without diabetes. These analyses were stratified by whether the subjects lived in an Appalachian or non-Appalachian county of Kentucky. Within the non-Appalachian region, approximately 10% less women with diabetes received regular mammograms compared with women without diabetes (P ϭ .05); in contrast, these comparisons were not significant for Appalachian women. Appalachian residents with or without diabetes had substantially lower rates of colonoscopy/sigmoidoscopy within the last 10 years compared with those living in the non-Appalachian regions. We tested whether Appalachian residence was an effect modifier for diabetes and each of the screening modalities using a Breslow-May test; we found no statistically significant difference in odds ratios for each screening test.
As in the bivariate analyses, multivariate logistic models showed that having diabetes was neg- atively associated with receiving regular mammograms and that Appalachian residence was negatively associated with having received a colonoscopy or sigmoidoscopy with the last 10 years (see Table 5 ). We tested whether Appalachian residence was an effect modifier for diabe- tes and each of the screening modalities and found no significant effect modification.
Discussion
In this study we demonstrate clearly that, for Kentucky women, being up to date with breast cancer screening is negatively associated with having diabetes. Also, patients with diabetes had about half the odds of reporting "regular" mammography screening than those without diabetes. It is also noteworthy that Appalachian residents had about half the odds of reporting a colonoscopy/sigmoidoscopy within the last 10 years. Although such a cross-sectional study alone cannot demonstrate causality, our results suggest that having diabetes as a chronic illness presents a barrier to achieving guideline-concordant breast cancer mammography screening and that residents of Appalachia may face barriers to receiving colonoscopy/ sigmoidoscopy screening. We also found that proportionately less Appalachian residents than non-Appalachian residents reported receiving "regular" mammograms, and proportionately fewer were up to date in their colorectal cancer screening with colonoscopy/sigmoidoscopy. However, proportionately more Appalachian residents than non-Appalachian residents were up to date with colorectal cancer FOBT screening. The diabetic-nondiabetic screening comparisons were significant for non-Appalachian but not Appalachian residents, but we did not confirm an effect modification of Appalachian residence on the relation between having diabetes and current screening with the Breslow-May test. These results should be interpreted cautiously because of the relatively small sample size of Appalachian residents. With this sample size, we should not conclude that Appalachian residence modifies the effect of diabetes on cancer screening.
Our results are consistent with findings of Schoen et al 5 that physicians were less likely to request a mammogram for women with a chronic illness and with the Kiefe et al 4 research showing that women with chronic illnesses were less likely to receive either mammography or CBE. It is unclear, however, why our results would single out a relationship between diabetes and breast cancer screening while showing only a marginal relationship for cervical cancer screening (significant in bivariate but not in regression analysis) and no association for colorectal cancer screening. There are several possible explanations.
First, the association between diabetes and obesity may play a role. This theory is consistent with studies by Ferrante et al 27 indicating that obese women are less likely to adhere to mammography recommendations. It may be that obese women are more selfconscious in the situation of exposing their breasts to multiple strangers at a radiology suite, a hypothesis consistent with the research of Wee et al 28 and Amy et al. 29 In addition, mammography may be more technically difficult, painful, or unpleasant for obese women. Some studies support the hypothesis that mammograms produce more discomfort for women with particularly large or small breasts (see, for example, Papas and Klassen 30 ). In our study, we did not know the extent to which such groups populate the diabetic and nondiabetic samples, and thus we could not infer whether or not discomfort mediated by breast size could have been a factor. However, we can speculate a smaller role for obesity to mediate rates of colorectal and cervical cancer screening because the discomfort posed by these tests is probably similar for normal-weight and moderately obese persons.
Second, a differential effect may be at play with breast cancer screening because of the level of provider involvement. It may seem counterintuitive that a recommendation for mammography, a screening generally well-accepted by women in the United States and that requires no office procedure, would be more affected by a chronic illness than those that require more office time (eg, Papanicolaou test) or extensive patient education (eg, colorectal cancer screening). However, the processes for mammography referral may be creating a different picture. Although colorectal cancer screening is initiated by the health care practitioner because of the need for counseling and referral, breast screening can be initiated and/or managed by the patient in conjunction with the screening facility. A small number of patients request their first mammogram themselves because of concerns raised through the media, public attention, or family/peer experience with breast cancer. 31 Calls to the three major insurers in Kentucky revealed that only one of them requires a referral for screening mammograms. The other two allow for self-referral provided the patient's screening site is "in network." For a large number of Kentuckians, therefore, as long as the patient remains without symptoms or abnormalities on examination or imaging, subsequent screening appointments can be managed by the radiology provider and the patient (Humana, United Health Care, and Anthem Customer Service in Ken-tucky; telephone communications; April 2010). Similarly, the Kentucky Breast and Cervical Cancer Treatment Program (BCCTP), which funds free breast examination and mammography services for women without health insurance, requires these examinations to be conducted through local health departments and often do not involve the patient's primary care provider. 32 Nevertheless, the literature is clear that the single most important factor in whether or not a woman receives a mammogram is whether it was recommended by her physician or provider. 33 Though speculative, it may be that providers accustomed to the "automatic" nature of mammography and burdened by more complex visits with diabetic patients may be less likely to notice delays in mammography screening. Meanwhile, women with diabetes may be too overwhelmed by their physical condition, monitoring/medication regimen, or general stress of chronic illness to follow through reliably with mammography without their doctor's encouragement. Why the pattern for CBE generally matches that of mammography is more difficult to speculate, though the requirement to receive a CBE before mammography for those in the BCCTP population may explain some of this effect. Also, since 2002 the USPSTF has not made a recommendation for or against CBE because of "insufficient evidence" of benefit, and many providers no longer perform it routinely. 22 The BCCTP program also provides Papanicolaou testing and follow-up for uninsured patients. Papanicolaou testing is less expensive and has fewer barriers than mammography, so many indigent patients continue to receive Papanicolaou tests at their primary care provider offices; however, the smaller number who presumably access all their gynecologic preventive care at the health department may also explain the relatively weaker relationship but definite trend between cervical screening and diabetes status.
Limitations of this study include the relatively small number of Appalachian residents that participated in this study. A larger sample might have provided the power to show other statistically significant relationships. Also, the inability to contact subjects without a landline telephone likely resulted in an undersampling of patients who are both younger and of lower socioeconomic status (SES). 34 That the high school graduation rate of 87% in our study was significantly higher than the approximately 72% state average and the 60% to 65% average in Appalachian counties 35 36 It is possible that the low number of Appalachian participants is partially due to our landline sampling technique and that some of the differences between Appalachian and non-Appalachian residents and between Appalachian diabetics and nondiabetics would have reached significance had we been able to sample cell phone-only households. It should be noted that both of these limitations actually bias the results to the null, so the significant findings in our study would likely be even stronger with more complete sampling. This could explain why differences between Appalachian and non-Appalachian populations were found in the Hall et al 9 study using data from 1996 to 1998, before any significant cell phone penetration, whereas our data from 2007 to 2008 was not able to distinguish these differences.
Another limitation-and opportunity for future research-is that this survey did not enable us to assess the severity of diabetes in the sampled population or to assess multiple other chronic conditions. (The only other chronic condition surveyed was asthma, which will require an additional manuscript to address sufficiently.) Comorbid conditions such as hypertension, asthma, lipid disease, obesity, and other heart disease could have biased the results to the extent that these conditions either increase or decrease the likelihood of screening. The 2005 Fleming et al 2 study showed that some conditions, such as diabetes, increased the risk of late-stage breast cancer, whereas others, such as cardiovascular disease, actually decreased the risk of late-stage disease. Thus, it is unclear whether multiple chronic conditions in the same person would cancel each other out (with regard to risk) or exacerbate the risk. Because it is also unclear how much chronic disease burden is present among diabetics compared with nondiabetics as a group, a reasoned assessment of the level and direction of bias cannot be done. Because colorectal cancer screening was relevant to both women and men, but breast cancer screening was measured only among women, we questioned whether the differences were because of different screening practices between men and women rather than between diabetics and nondiabetics. However, when men were excluded from the analysis, there was no difference in colorectal cancer screening between women with and without diabetes, just as there had been no difference with men and women combined.
It is worth noting that some of the recommendations for screening have changed since the initiation of this study. Papanicolaou tests, for instance, are not started before age 21 and are recommended at 3-year intervals after several normal Papanicolaou tests. 23, 24 The USPSTF has recently recommended against routine mammography for women younger than 50 years old. 21, 22 However, our results reflect the state of the guidelines at the time the survey was conducted. Our results raise several issues for future study, chiefly the reasons for the difference between mammography and colorectal cancer screening with regard to effects of diabetes. Interventions focusing on provider prompts and reminders for screening may not be effective in cases in which screenings have become more automatic and less provider-directed. On the other hand, making providers aware of their role in encouraging screening for their diabetic patients could be an effective directed intervention if diabetics do indeed need assistance in keeping up with screenings. Regardless, it is important to better understand where to focus interventions, and a qualitative approach may shed light on the modern mammography experience for diabetics. Other possible research includes an analysis assessing other chronic conditions' and/or multiple comorbid conditions' effects on appropriate screening achievement, as well as which systems-based interventions could improve screening rates in patients with chronic illnesses.
Conclusion
Both having diabetes and living in Appalachia were negatively associated with current and regular cancer screening, suggesting that less screening could explain later-stage breast cancer among these populations. Several previous studies show a strong association between having diabetes mellitus and contracting cancer. There is ample evidence that this relationship is dependent on physiologic interactions, medication effects, and screening practices. Thus, the need for effective screening practices is even more relevant for diabetic patients than for patients without chronic illness and deserves further study and intervention.
